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ABSTRACT 
A method for the monolayer culture of fetal mouse skin cells and the behavior of pri-
mary cultures have been described. The early cultures consist of discrete colonies .of 
epidermoid cells with individual fibrobla ts scattered between thes.e fo~i. The cell colomes 
begin to produce a material which may be keratin by the third m mtro day. After o?e 
week in vitro the majority of epidermoid foci have degenerated and the cultures consist 
largely of elongated rapidly multiplying cells. When cells from cultures in vitro .five days 
or less are transplanted back to the panniculus carnosus of F1 ho ts, donor skm grows. 
This skin is hyperplastic but contains normal appendages and produces hair. These 
O'rafts have remained recognizable and stable for over four months. ~ 
Mouse skin has been used extensively for the 
study of chemical carcinogenesis. However, the 
limits of working with the intact animal have 
made the elucidation of specific events within 
the cell type of interest difficult to attain. On 
the other hand, the advantages of tissue culture 
for determining events at a cellular level are 
well known. It seemed appropriate, therefore, to 
attempt to develop an in vitro system of skin 
culture which would allow the treatment of the 
cells in culture and their subsequent transplan-
tation for observations on tumor formation. 
Moscona (1) reported that dissociated em-
bryonic mouse skin would reaO'gregate under in 
vitro conditions and that characteristic epider-
mal differentiation occurred in these aggregates. 
Billingham (2) had earlier demon trated that 
dissociated epidermal cells were capable of re-
forming epidermis when pipetted onto the pre-
pared panniculus carnosus of autologous hosts. 
Karasek (3) combined these two techniques by 
growing explants of rabbit skin in vitro and 
transplanting the outgrowths as a cell sheet to 
the prepared panniculus carnosus of autologous 
hosts. These grew well for up to 5 weeks, fol-
lowing which the grafts degenerated. In these 
grafts, normal adnexal structures were absent. 
This paper describes a system of short term 
monolayer cell culture of fetal mouse skin which 
can be set up in large quantity and the subse-
quent transplantation of these cells to F1 hosts. 
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The characteristic of the grafts obtained as well 
as their late behavior are also described. 
MATERIALS AND METHOD ' 
Cell culture technique. Pregnant Balb/cAn 
mice, 1 -21 days in pregnancy, were obtained 
from the NIH animal production section. The 
entire pregnant uterus was removed from each 
mouse and the individual fetuses were separated 
' 
and washed in Dulbecco's phosphate-buffered 
saline (PBS) ( 4). A transverse inci ion around 
the entire fetu vvas made through the full thick-
nes of kin at the mid-thoracic area with small 
cissor . The skin was then peeled forward over 
t he head and backward over the tail with for-
ceps. Full thickne s skins from -15 fetuses were 
collected in this manner and finely minced with 
scis ~ors. This was then incubated at 37o in 0.5% 
trypsin in PBS for 30 minutes followed by a 5 
minute e}..rposure to 10,000 Dornase units of 
sterile deo:>,.J'ribonuclease I (DNAase-Nutritional 
Biochemical Company) (5). The mixture of dis-
ociated cell and remaininO' intact tissue was 
filtered through sterile nylon gauze into a cen-
trifuge tube. The non-dissociated tissue was 
placed back in fresh trypsin solution for an addi-
tional 30 minutes followed again by DN Aase. 
The dissociated cells were centrifuged at 1300 
rev / min and suspended in 40 cc of complete 
medium and held at the temperature of cold tap 
water. This procedure was repeated a minimum 
of 3 times and continued longer if the yield of 
dissociated cells remained constant. After all the 
typsinizations were completed, the cell yield 
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was counted, adjusted to a density of approxi-
mately 1.5-2.0 X 10° cells/cc, seeded into Falcon 
Plastic 100 mm tissue culture dishes and incu-
bated in a humidified atmosphere of 5o/a C02 
and 95o/o air at 37o. Examination of the residues 
of each typsinization revealed that the majority 
of basal cells were removed during the second 
and third repetition of the procedure and that 
the final residue was almost totally undigested 
keratin. 
As a control for the skin grafts, Balb/c fetal 
carcass fibroblasts were prepared as follows. 
After the skin was removed, the fetus was de-
capitated, eviscerated and the limbs removed. 
The remaining carcas was then minced and sub-
jected to 3 typ inization procedures as the skin 
had been and seeded at the arne density as the 
skin cells. 
Medium. The medium used for all cultures was 
Medium 199 with L-glutamine (6). This was 
supplemented with 13o/o fetal calf serum and 1 o/o 
of an antibiotic-antimycotic mixture both ob-
tained from Grand Island Biological Company. 
This solution of the latter provided 100 units/ml 
of penicillin, 0.25 ,ug/ml of amphotericin B and 
100 ,ug/ml of streptomycin. 
Harvesting cells for grafting. Primary fetal 
skin cultures 3Y2 to 5 days in vitro were har-
vested by incubation with 0.2o/o Versene in PBS 
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Fro. 1. Silicone rubber dome used for protection 
of cell grafts and prevention of margin contraction. 
without calcium and magnesium at 37o for 15 
minutes. The cells were then washed in Dul-
becco's PBS and counted. Following centrifuga-
tion the pellet was resuspended in PBS at a vol-
ume equal to 0.1 cc per animal to be grafted. 
The thick cell suspension (ranging among ex-
periments from 2 X 106 cells per animal to 
6 X 106 cells per animal) was then evenly dis-
tributed to pieces of Whatman 1/:1 filter paper 
which had previously been successively washed 
with distilled water, ethanol, acetone and ether, 
cut into 1.5 em diameter circles and autoclaved. 
Preparation of graft site and grafting proce-
dure. Approximately two weeks prior to the de-
sired grafting, Balb/cAn X DBA/2 F1 hybrid 
female mice (CDF1) (NIH Animal Production) 
three months of age, were anesthetized with 
Pentobabital and their backs epilated using ZIP 
wax depilatory (Jordeau, Inc., New York 22, 
New York). Several days later these same mice 
were again anesthetized and scrubbed with Beta-
dine Solution (The Purdue Frederick Company) 
and 70o/o alcohol. The epidermis and dermis were 
removed down to the panniculus carnosus in a 
1.5 em circular area in the center of the back. 
The panniculus carnosus was left in situ. The 
margins of this area were then undermined for 
about 0.5 em and the entire area sprayed with 
N eosporin Aerosol (Burroughs-Well come and 
Co). 
A sterile silicone rubber dome (Fig. 1) with 
flange was placed over the graft site with the 
flange buried under the undermined margins (3) 
(Fig. 2). This dome, prepared by the NIH 
Plastic Shop, is autoclavable, and has an internal 
diameter of 1.7 em and height of 0.9 em. The 
flange is 0.5 em wide and very flexible. A 0.4 
em hole is punched in the top to prevent accumu-
lation of serous fluid under the dome. This hole 
is covered with Micropore surgical tape (3M 
Company), and the entire dome is protected 
from the mouse by the use of a wire screen at-
tached to the mouse with wound clips (Fig. 3). 
On the day of grafting, while the cells were 
being prepared, the screens and domes were re-
moved after washing with Betadine and alcohol 
and the graft site examined for any retained or 
regenerated hair follicles. If found, these were 
then cauterized with an electric cautery needle. 
The area was then sprayed with the antibiotic 
aerosol; and the filter paper on which cells had 
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Fra. 2. Silicone rubber dome as it appears in position on the mouse. The flange fits under 
the undermined margins of the graft site. 
Fra. 3. Wire screen held in position by wound clips used to protect the domes from gnaw-
ing by the mice. 
been dropped was placed, cells down, onto the 
graft bed. The graft was then covered with a 
sterile dome and screen. Two weeks after the 
grafting, the screens and domes were again re-
moved, the filter paper was soaked with PBS 
and removed with forceps. The findings were 
recorded for each animal and domes and screens 
replaced. This procedure was followed every two 
weeks for 6 weeks or until the graft reached a 
diameter of 1.5 em, whichever came first. At this 
time the grafts were covered with a small piece 
of Adaptic non-adhering dressing (Johnson and 
Johnson) and a gauze bandage was clipped on. 
After 1 week these were removed. Periodically 
animals were sacrified for photographs. The graft 
sites were fixed in formalin and histological sec-
tions were prepared and stained with hema-
toxylin and eosin. 
RESULTS 
Cell Cultures 
Twenty-four hours after seeding of primary 
cells, the cultures were largely composed of 
densely packed foci of epithelial cells. Time lapse 
cinematoo-aphy showed these foci were formed 
by a combination of small cell aggregates and 
by migration of individual cells to form aggre-
gate of epidermi . Cell division was readily ob-
served in these foci, particularly in the periphery. 
Some foci had central areas of keratinization 
(Figure 4). Surrounding these epidermal areas 
were individual fibroblastic cells which repre-
sented the dermal components of the fetal tissue. 
After 72 hours in culture these epidermal 
colonies began to show marked central degenera-
tion and accumulation of amorphous material 
. FIG . . 4. Phase contrast photomicrograph of an epidermal focus with central kertinization 
1n a pr1mary culture of fetal mouse skin in vitro 24 hours. X 19 
FIG. 5. Phase contrast photomicrograph of a primary culture of fetal mouse skin in vitro 
6 days. The primary cell type is now elongated and rapidly growing. X 19 
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resembling the keratin described previously by 
Karasek (7). The periphery of these foci, how-
ever, continued to appear morphologically epi-
dermoid. The surrounding cells by this time had 
proliferated significantly and began to form a 
dense sheet of cells surrounding the epithelial 
areas but not infringing on them. 
By the six'th in vitro day the epithelial foci 
were diminished to small areas of degenerated 
cells with a few surrounding epidermal cells. The 
predominant cell by this time was an elongated 
rapidly multiplying presumably fibroblastic 
cell (Figure 5) . Secondary cultures of these cells 
appeared very similar to the six day primary 
cultures. Growth rate was rapid. However, by 
the third subculture the growth rate began to 
TABLE I 
Graft of Balb/c fetal cells to CDF1 Panniculus 
Carnosus 
Culture M of Cells 
origin grafted per 2 wks 4 wks 6 wks 7 wks 13 wks animal 
--------
Skin 6 X 106 22/27 19/23 18/22 08/ 21 10/ 19* 
Fibroblasts 4 X 106 0/25 0/ 23 0/22 0/ 22 0/ 20 
* Gross observatjons become difficult at this 
time because of contraction and coalescence of 
margins with graft. There were 4 animals not jn-
cluded in the numerator which were considered 
uncertain and 2 animals previously considered 
positive which now appeared negative. 
diminish and by the end of the first in vitro 
month the cells became large and mitoses were 
rare. ubsequently, the cell number diminished 
rapidly and only a small number of very large 
cell remained by the second month in vitm. 
The above de cription for fetal skin was iden-
tical for that obtained when newborn mouse skin 
·was cultured in vitro following -a similar dis-
ao-greO'ation procedure. The skin of newborn 
mice up to seven days of age could be grown in 
vitro. However, skin of newborns older than this 
would not grow under our culture conditions. 
Transplantation of Individual Cells 
The Table shows the result of an experiment 
grafting either Balb/c fetal skin or fetal carcass 
fibroblasts after 3Yz days in vitro to CDF1 fe-
male mice. All evaluations were made by gross 
ob ervation of the graft site. It is readily evi-
dent that essentially no skin-like structures were 
present in the control grafts whereas 80% or 
more of the skin cell group had recognizable 
grafts. Similar results were obtained using as few 
as 2 X 106 skin cells per animal. 
Figure 6 shows the appearance of a skin graft 
hro \Yeeks after the deposition of the cells on 
the o-raft bed at the time when the filter paper 
is removed. On each a well delineated white 
kerat inized area is obvious. The filter paper is 
eajly removeable from this type of graft. Fig-
ure 7 is a fibroblast graft from the same time 
period. Here the grafted cells are visible only 
FIG. 6. Gross appearance two weeks following a graft of Balb/cAn fetal skin cells to CDF1 
recipients. The white area in the graft site represents formation of skin by donor cells. 
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Flo. 6A. Photomicrograph of a histological section taken from the graft site of a CDF1 
mouse which had received a graft of Balb/cAn fetal skin cells two weeks previously. H and EX 21 
Flo. 7. Gross appearance two weeks following a graft of Balb/cAn fetal carcass fibro-
blast cells to CDF1 recipients. Fibers of the filter paper carrier are enmeshed in the graft site. 
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FIG. 7 A. Photomicrograph of a histological section taken from the graft site of a CDF1 
mouse which had received a graft of Balb/ cAn fetal carcass fibroblast cells two weeks 
previously. Fibers of filter paper are enmeshed in the graft bed. H and E X 21 
because they have enmeshed the fibers of the 
filter paper into the graft site. The filter paper 
is extremely difficult to remove from such a 
graft. Figures 6A and 7 A are microscopic sec-
tions of grafts from these two groups. In the skin 
graft site (6A) normal or hyperplastic epidermis 
is present with early follicle formation evident. 
A condensation of dermis-like fibrous tissue is 
present under the epidermis. The fibroblast 
graft (7 A) on the other hand shows dense fibrous 
tissue with remnants of filter paper incorporated 
into it. No epidermal structure is evident. 
By 4 weeks in vivo the epidermis is well estab-
lished (Figure 8). Hair growth is readily ap-
parent and is that of the donor albino (Balb/c) 
cells rather than that of the host agouti type. 
In a similar experiment using cells of the DBA/2 
light brown parent grafted to CDF1, the graft 
at 4 weeks was growing a mixture of brown and 
white hair , indicating that donor pio-ment forma-
tion was occurring but not completed. The fibro-
blast grafted group was essentially unchanged 
from the 2 week findings. Figure 8A shows histo-
logically the well developed hair follicles from 
the skin graft group containing unpigmented 
Balb/ c type hair shafts. The epidermis is hyper-
plastic. 
After removal of the protective domes at 6 
weeks, the margins of the graft site begin to 
contract and in some cases delineation of the 
grafts becomes more difficult, particularly in 
thane \Yhich did not have sufficient hair growth. 
Figure 9 depicts the characteristic findings at 
week following grafting. The graft has be-
come elevated and histologically the epidermis 
is lightly hyperplastic with well developed ap-
pendages and is lying on a thick area of adipose 
tissue subdermally (Figure 9A). Many animals 
continue to show hair growt h of the donor 
type. The fibroblast graft site on the other hand 
i no longer discernible from the margins macro-
scopically and generally the graft area remains 
relatively hairless and slightly depressed from 
this point on (Figure 10). Histologically this 
area shows a covering of migratory epidermis 
lacking appendages but nonetheless keratinizing. 
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FIG. 8. Gross appearance four weeks following a graft of Balb/cAn fetal skin cells to CDF1 
recipients. The formation of hair of the donor type is evident. 
FIG. 8A. Photomicrograph of a histological section taken from the graft site of CDF1 
mouse which had received a graft of Balb/cAn fetal skin cells four weeks previously. The 
epidermis is hyperplastic and the appendages are well developed . Hand E X 21 
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FIG. 9. Gross appearance eight weeks following a graft of Balb/ cAn f tal skin cell to 
CDF1 recipients. The grafts are readily identifiable and donor hair growth remains. 
Fra. 9A. Photomicrograph of a histological section taken from the graft site of a CDF1 
mouse which had received a graft of Balb/cAn fetal skin cells four weeks previously. The 
non-pigmented hair shafts are characteristic of the donor strain. H and E X 21 
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FIG. 10. Gross appearance eight weeks following a graft of Balb/cAn fetal carcass fibro-
blast cells to CDF1 recipients. 
The subepidermal connective tissue is very dense 
and still contains remnants of filter paper. These 
findings remain more or less permanent for both 
groups and by 13 weeks a stable situation has 
been achieved. 
DISCUSSION 
Although organ culture and explant culture 
techniques have been widely used for mouse 
epidermis (8, 9, 10), information on monolayer 
cultures is sparse at best. Moscona (11) grew 
dissociated fetal mouse skin as sparse monolayer 
cultures following which he reaggreO'ated these 
cells by "aggregation by rotation" (2) tech-
niques. ReaO'gregates of 5 day monolayer cul-
tures or older failed to show the characteristic 
integumental morphology found in younO'er cul-
tures or cells not cultured at all. This is in close 
agreement with our results both in that morpho-
logical similarity to skin begins to disappear 
after 5-7 days in vitro and graftability is mark-
edly reduced or absent after that time. In an 
experiment utilizing secondary skin cells in 
vitro a total of 10 days , we found no po itive 
O'rafts in 12 animals. Karasek (12) was able to 
grow monolayers of adult mouse epidermis and 
follow the uptake of various macromolecular 
precursors. We have been unable to culture adult 
mouse cells by our culture methods. Indeed, of 
great interest is the fact that the skin of new-
born mice up to 7 days post partum is readily 
adaptable to monolayer culture, but after that 
time no growth will occur. That this seems to 
correlate with the first appearance of hair may 
be coincidental but certainly is intriguing. Other 
investigators have reported the monolayer cul-
ture of epidermal cells and whole skin of other 
species (13, 14, 15), and in general, the appear-
ance and behavior of these cultures were similar 
to ours. 
The graft technique presented here is similar 
to that described by Karasek (3) with several 
modifications. The alterations in the protective 
dome allow for complete reutilization and allevi-
ate the necessity for moist sponges to preserve 
humidity. The protective screen serves to hold 
the dome in place and to protect it from gnaw-
ing, both difficult problems when mice are used 
as the experimental animal. The use of the elec-
tric cautery eliminates the occurrence of false 
positive grafts due to growth of skin from hair 
follicles of the recipient which fall onto the 
graft bed during the surgical procedure. This ap-
parently is a more serious problem in mice than 
in rabbits. 
The results of this grafting procedure resemble 
those of both Billingham (2) and Karasek in 
the hyperplasia observed, keratin formation by 
the graft and the marked contraction, as in the 
case of Billingham, found when the protective 
dome is removed. However, a major difference 
between these two previous reports and this one 
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is the development of normal skin appendages 
in our system including donor hair growth and 
pigmentation and the persistence of the graft 
for over 4 months in a stable state. These latter 
two findings may be explained by the fact, as 
suggested by both Karasek and Billingham, that 
our graft suspension consisted of both dermal 
and epidermal elements rather than the pure 
epidermis grafted by the other two investigators. 
Kollar (16) has previously shown that isolated 
embryonic mouse epidermis is incapable of fur-
ther development in organ culture unless re-
combined with dermis whereupon typical follicle 
formation occurred. An alternative possibility is 
that grafts of fetal epidermal cells have the ca-
pacity to form hair follicles whereas adult cells 
have lost it. 
The technique presented here was initiated as 
a system to study epidermal carcinogenesis so 
that both cellular manipulation and an endpoint 
of tumor development could be maximized. Addi-
tional studies to complete this system are now 
under way. Howe,·er, further uses of this tech-
nique for studying epidermal-dermal interaction, 
pigment production, dedifferentiation and the 
effects of post partum age on culturability are 
obvious. 
The authors gratefully acknowledge the superior 
technical assistance of Mr. Lawrence Lanier and 
Mr. Elroy Patterson. 
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